Biscayne Bay is a subtropical estuarine ecosystem in South Florida. The Bay serves as a nursery for Atlantic reef fi sh and provides critical habitat for a variety of species including 31 animals listed as endangered, threatened and "special concern." Noteworthy are the American crocodile, Atlantic green turtle, Atlantic hawksbill turtle, Cape Sable seaside sparrow, Florida panther, West Indian manatee, and Wood stork. Rapid development in the Miami-Dade area has substantially altered the Bay and its coastline. This study quantifi es the economic and environmental benefi t from a decade of Biscayne Bay restoration projects.
Introduction
United States' natural ecosystems have been invaded by approximately 5000 exotic plant species that compete with 17,000 native plant species for space and resources. Commercial agriculture and forest sectors Florida spend $265 million per year controlling invasive plants (Lee [1] ). In natural areas, establishment of exotic plants has hampered coveted recreational activities and jeopardized the viability of many listed threatened and endangered species. State response has been public funding for controlling invasive plants in natural areas to the tune of $32 million per year. This study examines the value of restoring ecosystems damaged by exotic plants through a case study of Biscayne Bay Florida. Since 1987, more than $10.6 million has been spent on exotic-plant removal and coastal-habitat restoration in Biscayne Bay. Results show the net gain from restoring coastal ecosystems in Biscayne Bay Florida to be from $32 million to $36 million with an internal rate of return between 8.9% and 9.6%.
Cost of invasive plants in the US
United States' natural ecosystems have been invaded by approximately 5,000 exotic plant species that compete with 17,000 native plant species for space and resources. Many of the invaders were brought to the US to be grown for food, feed, fi ber, and ornamental purposes. While most nonindigenous species are unable to survive in the wild, some possess characteristics that enable them to grow and reproduce rapidly unchecked by natural enemies and out compete native plants for space, sunlight, and nutrients. Often growing in monocultures, invasive plants diminish biodiversity, alter habitat, and eliminate natural food sources for native birds, reptiles, and mammals. In February 1999, President Bill Clinton signed Executive Order 13112 that allocated $28 million to combat invasive species.
Invasive plants are responsible for $25 billion in damages to US food and horticultural crops each year. The US food and horticulture industries each spend upwards of $9.5 billion controlling invasive plants. To control just a few of the plants (Purple loosestrife, Melaleuca, and invasive aquatics) invading natural systems, expenditures top $104 million each year. The total cost including damages and control expenditures of invasive plants in the agriculture and horticulture sectors is $34.5 billion (Pimentel [2] ).
In Florida, exotic plants are common and numerous. In the past century, over 1300 exotic plant species have become established in the State; 124 species are destructive to natural areas and have been classifi ed by the Florida Exotic Plant Pest Council as Category I and Category II invasive species . In upland ecosystems the ten "worst" invasive plants identifi ed by the FL DEP are Melaleuca, Brazillian pepper, Lygodium spp., Chinese tallow, Australian pine, Cogon grass, Ardesia spp., Chinaberry, Air Potato, and Ligustrum. Category I invasive plants are believed to have been originally introduced for ornamental purposes 47% to 69%, agriculture 21%, and accidental 6% (Fox et al. [3] ). It is worth noting that the horticulture industry brought to Florida an estimated 25,000 plant species from other countries (Pimentel, 2000) however, only a very small percentage of those have successfully invaded natural areas (FLDEP [4] ). Because of their habitat destroying proclivity, invasive-plant management and habitat restoration are key components in statewide efforts to protect endangered species (FLEPPC [5] ).
Private expenditure in Florida for controlling invasive plants in the agriculture and forest industries is $265 million per year (Lee [1] ). State expenditure for prevention and control of invasive plants is $103 million per year (FLDEP [6] ). Public funding to control invasive plants in natural areas is $32 million per year, $6.3 million for upland invasive plants and $25.7 million for freshwater aquatic invasive plants (FLDEP [4] ).
In Biscayne Bay, Florida, federal, state and local agencies have joined forces to restore coastal upland habitats through the removal of exotic vegetation and the planting of native vegetation. In addition, historically altered wetlands are being restored through the removal of exotic vegetation and fi ll. Since year 2000, more than $11 million has been spent on coastal habitat restoration efforts in Biscayne Bay, Florida as shown in Table 1 .
Restoring coastal ecosystems in Biscayne Bay: a case study
Biscayne Bay, Fla., is a 428-square-mile (1,109-square-kilometer) subtropical estuarine ecosystem which formed 3000 to 5000 years ago when sea level rose and fl ooded the natural limestone depression that is now south Florida. The bay supports a diverse fl ora and fauna and serves as a nursery for coral reef and marine ecosystems (USGS [7] ). The unique environment of Biscayne Bay is home to 31 animal species that have been listed as endangered, threatened or "of special concern". Seven species listed as endangered by both the State and Federal governments are as follows: American crocodile, Atlantic green turtle, Atlantic hawksbill turtle, Cape Sable seaside sparrow, Wood stork, Florida panther, and West Indian manatee (Cantillo et al. [8] ).
Throughout the last century, rapid population growth, urbanization, and development of the Miami-Dade County area have altered the Bay environment. Extensive dredging in the early 1900s reshaped the Bay and created navigation channels the largest being the Atlantic Intra-coastal Waterway (ICW). Remnants of ICW construction are a series of large spoil-fi ll islands that have become popular as recreational sites. Human activity, unstable shorelines, and overgrowth of exotic vegetation have accelerated island erosion and contributed to Biscayne Bay turbidity (Wanless et al. [9] and Milano [10] ). Documented incidents linking exotic vegetation (Australian pine) and coastal-erosion problems around the world are highlighted in Box 1. In addition to erosion problems, invasive plants in Biscayne Bay have overtaken native habitats and altered coastal wetlands. Plants such as Australian pine (Casuarina equisetifolia) and Brazillian pepper (Schinus terebinthifolius) are among the worst for choking out native plants and destroying native animal habitats (SFWMD [11] ).
To preserve and protect the natural setting, Biscayne National Monument was established in 1968 for the "education, inspiration, recreation and enjoyment of present and future generations a rare combination of terrestrial, marine, and amphibious life in a tropical setting of great natural beauty" according to Public Law 90-606. The monument was enlarged in 1980 and designated Biscayne National Park, recognized at the time as the largest marine park in the National Park System (USGS [7] [12] cites evidence that outside its native environment, Australian pine contributes to shoreline erosion at least in part by crowding out native vegetation that possesses the deep root structures that are more conducive to sandy beach environs harsh wind and wave conditions.
In India, Australian pines were planted along a coastal dune belt on Sagar Island in the early 1990s as a vegetative windbreak and source of timber. By 1995, storm surges knocked down the trees and destroyed the entire dune belt. Alternative vegetation has been planted to re-establish the dune (Bandyopadhyay [13] ).
Australian pine is an exotic invasive in the Andros Islands in the Bahamas and grows throughout the coastal zone. The tree is considered a threat to the stability of the coastal zone yet even along shoreline areas that have been signifi cantly altered there has been no apparent effort to remove the invasive plant (Sealy et al. [14] ). On San Salvador Island in the Bahamas, Australian pine was introduced in the late 1920s and became established during the 1950s and 1960s in conjunction with the installation US military bases. Because of their ability to destabilize dunes, Australian pine is considered a "clear and present danger" in the Bahamas (Rodgers [15] ).
Australian pine was introduced to Florida in 1898. Trees were planted extensively as windbreaks along canals, around agricultural fi elds, beside roadways, and to provide shade near homes. The trees naturalized and spread across the southern region of the State and along both coasts. Across the state, Australian pine can be found on over 300,000 acres (Doren and Ferriter [16] ). On public land Australian pine is under maintenance control on 3457 acres (FLDEP [4] ). Cultivation and sale of the plant is now banned in Florida.
Removal of Australian pine and Agave from Dry Tortugas National Park in Florida began in 1992. With average spending of $20,000 per year plants were eradicated in 10 years (Doren and Ferriter [16] , DOI [17] ). Total cost for plant eradication in the Dry Tortugas is estimated to be $50,000 per acre over 40 acres.
Along a 2.5-mile stretch of beach in John U. Lloyds State Park, approximately 36,000 cubic yards of sand was being washed away each year due in part to the demise of native vegetation and extensive growth of Australian pine and other invasive plants. As part of a larger beach management effort, $300,000 was allocated to remove Australian pine and restore native plants. An important component in all of the projects was removal of exotic vegetation. The dominant invasive plants removed were Australian pine (Casuarina equisetifolia), Brazillian pepper (Schinus terebinthifolius), Burma reed (Neyraudia reynaudiana), Inkberry (Scaevola taccada), and Seaside mahoe (Thespesia populnea). Native vegetation was replanted at most sites to recreate one or more of the following types of coastal communities: coastal strand and maritime hammock; mangrove wetland and freshwater wetland; and dune.
On most of the island projects, lime rock boulders and fi lter fabric were installed to stabilize eroding shorelines. A stretch of mature red mangroves along the Oleta River State Park was also reinforced with natural lime rock boulders to reduce erosion and protect the mangroves. Additional activities included creating a high salt marsh, recreating a historical riverbed, building numerous osprey nesting platforms, installing boat-docking facilities on two islands, and planting native species on a university campus. Detail on the 22 restoration projects appears in Table 1 .
Description of Biscayne Bay restoration costs 4.1 Wetland project costs
Cost of clearing infested acreage and removing invasive plants ranged from $4600 to $5200 per acre. Average cost for removing invasive plants was $4900 per acre for wetland projects. Excavation of fi ll cost an average of $5 per cubic yard of material removed. For each project, 10% of the total budget went to "mobilization" costs. Expenditures for habitat restoration activities ranged from $0 to $2,800,000 per project. Additional information about Biscayne Bay wetland project costs can be found in Table 2 as projects numbered 1 through 10.
Island project costs
Cost of clearing infested acreage and removing invasive plants ranged from, $5200 to $9,000 per acre. Average cost for removing invasive plants was $7100 per acre for island projects. No excavation activities were reported for the island projects. For each project, 10% of the total budget was spent on "mobilization" costs. Expenditures for habitat restoration activities ranged from $5000 to $590,000 per project. Additional information on Biscayne Bay island project costs can be found in Table 2 as projects numbered 11 through 22.
Total project cost
Total expenditures for Biscayne Bay restoration projects as reported through year 2000 was $10,621,000. Infl ating values using the Turner building cost index (Turner Corp. [19] ) and the consumer price index (US Department of Labor [20] ) yields the present value of total expenditures in 2006 dollars of $16,187,682. Expenditures in years 1995 through 2000 were infl ated with the Turner building cost index. Expenditures in years 1990 through 1994 were infl ated using the CPI because Turner values were not available for those years.
Estimated maintenance cost
Long-term maintenance for each restoration site was estimated at 10% of average restoration cost. For wetland and island projects, the annual cost was $155,337 per year.
Assessing the benefi ts from restoring Biscayne Bay

Environmental valuation methods
Methods such as hedonic price, travel cost, and random utility models use information from market traded goods to infer environmental values indirectly. The property-value method and marginal-productivity method are other means of utilizing available market data to indirectly ascertain environmental service values. The contingent-valuation method obtains values directly by querying subjects regarding their willingness to pay for environmental services. The benefi t-transfer method draws on fi ndings from previous valuation studies in one locale to make inferences about the environmental values in another locale. Benefi t transfer is the method applied in this study. For more explanation about valuing coastal environmental resources, the reader is referred to Letson and Milon [21] .
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Coastal ecosystem values from previous studies
The value of Florida saltwater marshland was estimated by Bell [22] . Bell applied the property-value method and the marginal productivity value method. Based on historic costs of acquiring wetlands, Bell assessed Florida wetland values at $2879 per acre. Based on the contribution to commercial and recreational fi sheries, Bell arrived at $3337 per acre as the value of Florida salt water marshes. Milon [21] estimated the value of the Indian River Lagoon a coastal estuary located in South Florida. Milon applied the property-value method, marginalproductivity method, contingent-valuation method, and the travel-cost method. Based on property values, human uses (including fi shing, swimming, boating, nature watching, water sports, and hunting), passive uses, and commercial shell fi shing, Milon estimated an ecosystem value of $724 million per year. Unlike the Indian River Lagoon, the restored areas in Biscayne Bay do not include residential properties, so we subtracted the $33 million in property values leaving a total of $691 million. The Indian River Lagoon covers an area of 2000 square miles or 1.28 million acres. With this information we arrived at a unit value of coastal estuary of $540 per acre in 1995 dollars.
Costanza et al. [23] compiled fi ndings from a myriad of studies to provide a reference on the values for a wide range of ecosystem types and the services they provide. This approach would be best classifi ed as benefi t transfer. The team of authors categorized 11 aggregate ecosystem types and defi ned 17 classes of services. Among the aggregate ecosystems types were coastal estuaries and coastal wetlands (categorized as tidal marsh and mangroves). Among the 17 service classes we chose three: "recreation", "food production", and "cultural" to capture direct human use values and allocated the remainder to indirect human use values and nonuse values. With this aggregation, the coastal estuary ecosystem value to direct human use is $377 per acre and the value to indirect human use and nonuse is $8863 per acre in 1994 dollars. The coastal wetland ecosystem value to direct human use is $459 per acre and the value to indirect human use and nonuse is $3,584 per acre in 1994 dollars.
Benefi t values from Bell [22] , Milon [21] , and Costanza et al. [23] are shown in Table 3 . Selected values from Table 3 (shown in bold italics) were used in the benefi t transfer analysis for Biscayne Bay and are displayed in Table 4 .
Applying benefi ts transfer to Biscayne Bay restoration
Indirect and direct use benefi t from Biscayne Bay restoration projects was estimated based on the number of acres restored, the type of ecosystem restored, and the estimated ecosystem benefi t per acre for each type of ecosystem for Florida in 2006 dollars.
The indirect and nonuse ecosystem service values (U j ) from each project j is defi ned (eqn (1)) as a function of u i the value per acre for indirect and nonuse services for restored ecosystem i (where i = shoreline, coastal, dune and mangrove) and E ij the number of acres of ecosystem type i restored under project j.
The direct use ecosystem service values (V j ) from each project j is defi ned (eqn 2) as a function of v i the value per acre direct use services for restored ecosystem i (where i = shoreline, coastal, dune and mangrove) and E ij the number of acres of ecosystem type i restored under project j.
The wetlands projects (numbered 1 through 10) restore areas with human uses that include fi shing, kayaking, bird watching, and snorkeling. 
Per acre ecosystem service values (u i and v i ) are given in Table 4 . The sizes of the restored ecosystems (E i ) are displayed in Table 1 . Using these values and eqns (1) through (7) ecosystem benefi ts were estimated and appear as a worksheet in Table 5 .
Net benefi ts from the Biscayne Bay restoration projects
The annual benefi t from Biscayne Bay restoration projects (eqns (6a) and (6b)) is estimated to be from $1,590,808 to $1,712,790. Long-term maintenance at 10% of average restoration cost comes to $155,337 per year. Restoration benefi t adjusted for maintenance costs is $1,433,471 to $1,555,454 per year. The total 
At an annual interest rate of r = 0.03, total benefi t from Biscayne Bay restoration projects (eqn (8) ) is estimated to be from $47,782,372 to $51,848,459.
The present value of net benefi ts (NB) is defi ned to be total benefi t (TB) minus total cost (TC):
The present value of the total cost of the restoration projects completed between 1990 and 2000 is $16,187,682. The present value of net benefi ts (eqn. (8)) from Biscayne Bay restoration projects is $31,594,690 to $35,660,776.
Another indicator of the net gain from public expenditure is the internal rate of return (IRR) that is computed as follows:
For the 22 restoration projects, the internal rate of return (eqn 9) is estimated to be between 0.0886 and 0.0961 or between 8.9% and 9.6%.
Summary
Invasive plants in natural areas are notorious for their ability to alter ecosystems. In Florida coastal areas, invasive species have replaced native plants, dislodged native animals, and radically altered hydrologic processes such as tidal fl ows, dune replacement, and shoreline erosion rates. This study applied the benefi t-transfer method to assess the value of restored ecosystems in Biscayne Bay Florida. Results indicate the present value of a perpetual stream of ecosystem service benefi ts from the restoration projects is between $48 million and $52 million. The cost of the projects was $16 million in 2006 dollars. Thus the net benefi t from the restoration projects is estimated to be $32 million to $36 million. The internal rate of return from restoration expenditures is 8.9% to 9.6%.
